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ANC

:   absolute neutrophil count

CF

:   cisplatin and 5‐fluorouracil

DCF

:   docetaxel, cisplatin, plus 5‐fluorouracil

FN

:   febrile neutropenia

G‐CSF

:   granulocyte colony‐stimulating factor

1. INTRODUCTION {#cas14218-sec-0001}
===============

Esophageal cancer is the sixth leading cause of cancer‐related death worldwide, and its incidence is increasing globally.[1](#cas14218-bib-0001){ref-type="ref"} Although esophagectomy is the curative treatment for patients with locally advanced esophageal cancer, the results are unsatisfactory with a 5‐year survival rate of \<40%.[2](#cas14218-bib-0002){ref-type="ref"} To improve treatment outcomes, several neoadjuvant therapies have been recommended. Both preoperative chemotherapy and chemoradiotherapy improve overall survival compared to surgery alone.[3](#cas14218-bib-0003){ref-type="ref"}, [4](#cas14218-bib-0004){ref-type="ref"}, [5](#cas14218-bib-0005){ref-type="ref"} In Western countries, neoadjuvant chemoradiotherapy is recommended as standard preoperative treatment, whereas in most Eastern countries, including Japan, neoadjuvant chemotherapy is recommended as a preoperative treatment for locally advanced esophageal cancer. However, the superiority of neoadjuvant chemotherapy or chemoradiotherapy remains controversial. Radiotherapy is expected to improve local control, whereas chemotherapy has the potential to eliminate micrometastases, thus, improving systemic control. In Japan, transthoracic esophagectomy with regional lymphadenectomy has achieved better local control.[6](#cas14218-bib-0006){ref-type="ref"} Therefore, systemic control with intensive neoadjuvant chemotherapy is considered more important to improve the survival of patients with locally advanced esophageal cancers.

Currently, neoadjuvant chemotherapy with CF is recommended as standard treatment for locally advanced esophageal cancers in Japan. However, overall survival with this treatment remains unsatisfactory.[7](#cas14218-bib-0007){ref-type="ref"} In this context, strategies to reinforce neoadjuvant chemotherapy by adding docetaxel to CF (DCF) have been explored to improve overall survival. Hara and colleagues conducted a feasibility study of the DCF regimen for locally advanced esophageal cancers and showed highly promising antitumor activity (overall response rate = 64.3%, pathological complete response = 17%) and severe myelotoxicity reactions (≥grade 3 neutropenia = 83.3%).[8](#cas14218-bib-0008){ref-type="ref"} Although DCF might be promising for locally advanced esophageal cancers, the adverse event of severe myelotoxicity was consistently reported in the literature. The incidence of ≥grade 3 neutropenia and febrile neutropenia (FN) reached 66.6% and 22.9%, respectively.[9](#cas14218-bib-0009){ref-type="ref"} Thus, although DCF has a highly promising antitumor activity, it has a very high risk of severe neutropenia or FN, which is a safety concern as preoperative treatment.

Primary prophylaxis with pegfilgrastim, a long‐acting pegylated form of G‐CSF, is recommended for the prevention of FN in patients receiving high‐risk chemotherapy regimens such as DCF. According to the guidelines,[10](#cas14218-bib-0010){ref-type="ref"}, [11](#cas14218-bib-0011){ref-type="ref"} pegfilgrastim should be given at least 24 hours after the completion of chemotherapy (ie, 1‐3 days \[American Society of Clinical Oncology, ASCO\] or 1‐4 days \[National Comprehensive Cancer Network, NCCN\] after chemotherapy). However, there is no prospective study on the DCF regimen that validates the efficacy and safety of pegfilgrastim in the prevention of FN, and there are only two retrospective studies.[12](#cas14218-bib-0012){ref-type="ref"}, [13](#cas14218-bib-0013){ref-type="ref"} One study was on head and neck cancer and the other was our study on esophageal cancer. Our previous retrospective study evaluated the efficacy of giving pegfilgrastim on day 7, which was 24 hours after the completion of DCF therapy. ANC nadir was observed from day 7, and the incidence rates of ≥grade 3 neutropenia and FN were 50.0% and 22.7%, respectively.[13](#cas14218-bib-0013){ref-type="ref"} Thus, timing (day 7) of the dose was not appropriate as the ANC nadir appeared early. Until now, the optimal dosing schedule of pegfilgrastim along with regimens involving continuous infusions of 5‐fluorouracil remains unclear. No prospective trial has evaluated the timing of giving prophylactic G‐CSF along with DCF therapy. Therefore, we conducted this prospective study to assess the efficacy and safety of early dosing (day 3) of pegfilgrastim during DCF therapy for patients with advanced squamous cell carcinoma of the esophagus.

2. PATIENTS AND METHODS {#cas14218-sec-0002}
=======================

2.1. Study design and patients {#cas14218-sec-0003}
------------------------------

We conducted a single‐arm, phase II study to evaluate the efficacy and safety of early dosing (day 3) of pegfilgrastim during DCF therapy for patients with squamous cell carcinoma of the esophagus.

Participants with pathologically diagnosed primary squamous cell carcinoma of the esophagus were identified at University Hospital, Kyoto Prefectural University of Medicine and selected based on the following eligibility criteria.

### 2.1.1. Key inclusion criteria {#cas14218-sec-0004}

Histologically confirmed squamous cell carcinoma of the esophagus; clinical stage II, III or IV (International Union Against Cancer TNM classification system, 7th edition); patients over 20 years old who could be treated with DCF therapy without dose reduction; no prior history of systemic chemotherapy or radiotherapy; ECOG performance status 0 or 1; and adequate organ function (leukocyte count ≥4000 and \<12 000/μL, neutrophil count ≥1500/μL, hemoglobin level ≥10.0 g/dL, platelet count ≥100 000/μL, AST and ALT ≤100 IU/L, total bilirubin ≤1.5 mg/dL, serum creatinine ≤1.5 mg/dL, creatinine clearance ≥60 mL/min).

### 2.1.2. Key exclusion criteria {#cas14218-sec-0005}

Malignancies other than carcinoma in situ or mucosal carcinoma; evidence of any other serious disease; active local or systemic infection; history of severe allergic reactions.

This study was approved by the ethics committee of the Kyoto Prefectural University of Medicine (approval no. ERB‐C‐601). The trial was designed and conducted in line with the Helsinki Declaration and the Ethical Guidelines for Clinical Research (the Ministry of Health, Labor and Welfare, Japan). All participants provided written informed consent before study enrolment. This trial was registered at the University Hospital Medical Information Network (UMIN) Clinical Trial Registry (ID: UMIN000023393).

2.2. Treatment procedures {#cas14218-sec-0006}
-------------------------

Chemotherapy consisted of an infusion of docetaxel (70 mg/m^2^ per day) and cisplatin (70 mg/m^2^ per day) on day 1, and continuous infusions of 5‐fluorouracil (750 mg/m^2^ per day) on days 1‐5 (DCF: 70/70/750). The regimen was repeated every 3 weeks. Pegfilgrastim was given as a single s.c. injection at a dose of 3.6 mg on day three in each cycle. Prophylactic oral antibiotics (ie, levofloxacin) on days 5‐9 in each cycle were allowed if deemed necessary by physicians.

2.3. Assessments {#cas14218-sec-0007}
----------------

Blood samples were collected for complete blood count and serum chemistry on days 1, 3, 7, 8, 9, 10, and 14 of each cycle. FN is defined as an ANC lower than 1000/μL at a temperature of 38°C or higher. Safety was assessed using the incidence of adverse events. Severity of all adverse events was graded in line with the Common Terminology Criteria for Adverse Events v 4.0 (CTCAE). Tumor response was assessed using computed tomography (CT) scans in the third or fourth week of the second cycle based on the RECIST version 1.1 criteria.[14](#cas14218-bib-0014){ref-type="ref"} Residual tumor (R) was classified as follows: R0, no residual tumor; R1, suspicion of residual tumor or microscopic residual tumor; and R2, macroscopic residual tumor. Pathological response was evaluated in line with the Japanese Classification of Esophageal Cancer (11th edn) \[23\], which categorizes tumors into four response levels (grades 0‐3). Grade 3 indicates no viable cancer cells. Grade 2 indicates viable cancer cells accounting for less than 1/3 of tumor tissue while other cancer cells are severely degenerated or necrotic. Grade 1 is further classified as Grades 1a and 1b. Grade 1a indicates viable cancer cells accounting for 2/3 or more of the tumor tissue, whereas grade 1b indicates viable cancer cells accounting for 1/3 or more, but \<2/3, of the tumor tissue. Grade 0 indicates no recognizable cytological or histological therapeutic effect.

2.4. Endpoints and statistical methods {#cas14218-sec-0008}
--------------------------------------

Primary objective of the present study was to estimate the incidence of grade 4 neutropenia in cycle one. Secondary objectives were to estimate the incidence of FN and grade 3 neutropenia, and the depth of the ANC nadir in cycle one and the incidence of delayed chemotherapy and dose reduction of cytotoxic drugs in cycle two. Evaluation of the antitumor effect after two cycles of chemotherapy and a safety assessment during chemotherapy were also included as secondary objectives.

In the present study, we expected the incidence of grade 4 neutropenia during DCF therapy along with pegfilgrastim to be lower than that without giving prophylactic G‐CSF, and that the proportion of grade 4 neutropenia would be lower than that from the previous Japanese studies (63%‐82%).[15](#cas14218-bib-0015){ref-type="ref"}, [16](#cas14218-bib-0016){ref-type="ref"} A minimum sample size of 21 was required for one‐sided α of 0.1 and β of 0.1, with an expected 25% incidence of grade 4 neutropenia and a threshold incidence of 55%. Assuming 10% dropout cases, the target sample size was 24 patients in total. Confidence intervals for all proportions were estimated assuming binomial distribution. All statistical analyses were carried out using SPSS software (version 20) for Windows (IBM Corporation).

3. RESULTS {#cas14218-sec-0009}
==========

3.1. Patients {#cas14218-sec-0010}
-------------

Between July 2016 and January 2019, 23 eligible patients were enrolled in this study. Patient characteristics are shown in Table [1](#cas14218-tbl-0001){ref-type="table"}. Sixteen patients were males and seven were females. Median age of all patients was 62 years (range: 44‐75). Most patients had an ECOG performance status of 0 or 1. Overall, 19 patients received two cycles of DCF therapy, and four patients discontinued the subsequent second cycle of DCF therapy. Two patients were switched to doublet chemotherapy as a result of severe toxicities (ie, hematopoietic and gastrointestinal toxicities or nephrotoxicity), and two were switched to chemoradiotherapy because of the lack of efficacy. Finally, 19 of 23 patients underwent esophagectomy (Figure [1](#cas14218-fig-0001){ref-type="fig"}).

###### 

Demographics of patients with pathologically diagnosed primary squamous cell carcinoma of the esophagus

+--------------------------+--------------------------+
| Clinical characteristics | No. of patients (n = 23) |
|                          |                          |
|                          | n (%)                    |
+==========================+==========================+
| Age, y, median (range)   | 62 (44‐75)               |
+--------------------------+--------------------------+
| Gender                   |                          |
+--------------------------+--------------------------+
| Male/female              | 16/7                     |
+--------------------------+--------------------------+
| ECOG performance status  |                          |
+--------------------------+--------------------------+
| ≤1/\>1                   | 22/1                     |
+--------------------------+--------------------------+
| Tumor location           |                          |
+--------------------------+--------------------------+
| Upper esophagus          | 7                        |
+--------------------------+--------------------------+
| Middle esophagus         | 13                       |
+--------------------------+--------------------------+
| Distal esophagus         | 3                        |
+--------------------------+--------------------------+
| Clinical T               |                          |
+--------------------------+--------------------------+
| 1/2/3/4                  | 0/1/17/5                 |
+--------------------------+--------------------------+
| Clinical N               |                          |
+--------------------------+--------------------------+
| 0/1/2/3                  | 2/9/8/4                  |
+--------------------------+--------------------------+
| Clinical M               |                          |
+--------------------------+--------------------------+
| 0/1                      | 23/0                     |
+--------------------------+--------------------------+
| Clinical Stage           |                          |
+--------------------------+--------------------------+
| 2/3a/3b/3c               | 2/9/6/6                  |
+--------------------------+--------------------------+
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![Accrual and treatment summary of patients in the present study. 5‐FU, fluorouracil; CDDP, cisplatin; DCF, docetaxel, cisplatin, plus 5‐fluorouracil therapy; GI, gastrointestinal; PD, progression of disease](CAS-110-3754-g001){#cas14218-fig-0001}

3.2. Efficacy of pegfilgrastim {#cas14218-sec-0011}
------------------------------

Incidence of grade 4 neutropenia in cycle 1 was 8.7% (2/23, 95% CI: 1.1%‐28.0%), and the confidence interval (80% CI: 2.3%‐21.5%) corresponding to one‐sided α of 0.1 showed that the incidence was statistically significantly lower than the threshold value of 55%. Six patients (26.1%) developed any grade of neutropenia (grade 3, four patients; grade 4, two patients). No patient experienced FN. Median ANC in the nadir was 2170/μL (min, 40; max, 4290). The nadir of ANC was observed on day 8 for 17 patients and on day 7 for six patients (Figure [2](#cas14218-fig-0002){ref-type="fig"}).

![Absolute neutrophil count (ANC) trajectory of each patient in cycle 1. The bold line represents the median of all patients (n  = 23). ANC values are shown on a natural logarithmic scale](CAS-110-3754-g002){#cas14218-fig-0002}

Of the 19 patients who received two cycles of DCF therapy, four patients required a delay of chemotherapy in the second cycle. Reasons for treatment delay in three out of four patients included development of mild mediastinitis after the first cycle of DCF, a planned endoscopic mucosal dissection for colorectal tumor, and patient's own preference. The other patient (5.3%) required both treatment delay and dose reduction in the second cycle as a result of hematological toxicity (Table [2](#cas14218-tbl-0002){ref-type="table"}).

###### 

Incidence of neutropenia, febrile neutropenia, treatment delay and dose reduction

                                                           No. (frequency, %)
  -------------------------------------------------------- --------------------
  Neutropenia                                              
  Grade 4                                                  2 (8.7)
  Grade 3                                                  4 (17.4)
  Any grade                                                6 (26.1)
  Febrile neutropenia                                      0 (0)
  Treatment delay[a](#cas14218-note-0002){ref-type="fn"}   4 (21.1)
  Due to hematotoxicity                                    1 (5.3)
  Dose reduction[a](#cas14218-note-0002){ref-type="fn"}    1 (5.3)
  Due to hematotoxicity                                    1 (5.3)

Frequency of events was calculated on the total number of patients receiving the 2nd cycle treatment (n = 19).
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3.3. Safety {#cas14218-sec-0012}
-----------

Overall adverse events excluding neutropenia and FN are listed in Table [3](#cas14218-tbl-0003){ref-type="table"}. The most common hematological toxicities above grade 3 were leukocytopenia (30.4%), thrombocytopenia (13.0%), and hyponatremia (13.0%). The most common non‐hematological adverse events above grade 3 were anorexia (17.4%) and oral mucositis (13.0%). One patient developed a treatment‐related esophageal fistula; however, it was improved by conservative treatment with antibiotics. Pegfilgrastim‐related bone pain was observed in two patients. Both cases were mild and quickly resolved. No serious adverse events possibly related to pegfilgrastim were observed.

###### 

Adverse events excluding neutropenia and febrile neutropenia

                                         ≥Grade 3 (%)   Any grade (%)
  -------------------------------------- -------------- ---------------
  Anorexia                               4 (17)         18 (78)
  Fatigue                                0              19 (83)
  Nausea                                 0              11 (48)
  Vomiting                               1 (4)          3 (13)
  Diarrhea                               1 (4)          11 (48)
  Oral mucositis                         3 (13)         8 (35)
  Esophageal fistula                     0              1 (4)
  Bone pain or back pain                 0              2 (9)
  Leukopenia                             7 (30)         11 (48)
  Anemia                                 1 (4)          13 (57)
  Thrombocytopenia                       3 (13)         18 (78)
  Aspartate aminotransferase increased   0              6 (26)
  Alanine aminotransferase increased     1 (4)          6 (26)
  Creatinine increased                   0              3 (13)
  Hyponatremia                           3 (13)         18 (78)
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3.4. Treatment outcome {#cas14218-sec-0013}
----------------------

For efficacy assessment of DCF therapy, CT was carried out 3 weeks after the start of the second cycle. Most patients enrolled in this study received preoperative treatment and only five patients had measurable lesions by the RECIST criteria. Of the five evaluable patients, four (80%) showed partial response (PR) and one (20%) showed stable disease (SD). Of the 19 patients who underwent surgery, R0 resection was achieved in 18 patients (94.7%). Histopathological complete response CR (grade 3) was achieved in two patients (10.5%). Grade 2 and grade 1b and 1a responses were observed in seven (36.8%), 0, and 10 (52.6%) patients, respectively (Table [4](#cas14218-tbl-0004){ref-type="table"}).

###### 

Treatment outcome of early dosing (day 3) of pegfilgrastim during DCF therapy for patients with squamous cell carcinoma of the esophagus

                                  n (%)
  ------------------------------- -----------
  Objective response, n = 5       
  PR                              4
  SD                              1
  PD                              0
  Residual tumor (R), n = 19      
  R0                              18
  R1                              0
  R2                              1
  Pathological response, n = 19   
  Grade 1a                        10 (52.6)
  Grade 1b                        0 (0)
  Grade 2                         7 (36.8)
  Grade 3                         2 (10.5)

docetaxel, cisplatin, plus 5‐fluorouracil therapy; PD, progression of disease; PR, partial response; SD, stable disease.
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4. DISCUSSION {#cas14218-sec-0014}
=============

As DCF therapy is associated with a high risk of infection, FN, and severe neutropenia, giving primary prophylactic G‐CSF is recommended to lower the risks. However, the guidelines do not recommend a detailed dosing plan for G‐CSF in the course of continuous chemotherapy for several days. According to the guidelines,[10](#cas14218-bib-0010){ref-type="ref"}, [11](#cas14218-bib-0011){ref-type="ref"} G‐CSF should be given 24 hours after the completion of chemotherapy due to the likelihood of increased sensitivity of rapidly dividing myeloid cells to cytotoxic chemotherapy and, paradoxically, increased risks of hematological toxicity. There is a lack of data on the concomitant use of G‐CSF and chemotherapy, and the optimal dosing schedule of pegfilgrastim remained unclear along with regimens that involved continuous infusions of 5‐fluorouracil such as the DCF regimen. In the present study, we showed that giving pegfilgrastim on day 3 reduced the incidence of grade 4 neutropenia (8.7%), FN (0%), and the occurrence of dose delay or reduction of chemotherapy. In other words, giving concomitant pegfilgrastim and 5‐fluorouracil did not increase hematological toxicity, and this protocol is safe and effective for the prevention of severe neutropenia and FN. This is the first prospective study showing an effective prophylactic G‐CSF dosing schedule to prevent hematological toxicity during DCF therapy. The results might be generalized to similar regimens such as ECF (epirubicin and cisplatin plus 5‐fluorouracil) where continuous infusions of 5‐fluorouracil are used.

Based on the theoretical concern that the stimulation of bone marrow progenitors by G‐CSF might increase the pool of precursors vulnerable to cell cycle‐specific chemotherapy, giving G‐CSF is recommended 24 hours after chemotherapy. However, several reports showed that a simultaneous dose of pegfilgrastim and cytotoxic chemotherapy is feasible and safe in different chemotherapy regimens.[17](#cas14218-bib-0017){ref-type="ref"}, [18](#cas14218-bib-0018){ref-type="ref"}, [19](#cas14218-bib-0019){ref-type="ref"}, [20](#cas14218-bib-0020){ref-type="ref"} As for DCF therapy, a retrospective study investigated the efficacy and safety of early dosage of G‐CSF in patients with head and neck cancer.[12](#cas14218-bib-0012){ref-type="ref"} This study was conducted to compare early dosage of G‐CSF (pegfilgrastim on day 3 or filgrastim from day 3 to day 11) during chemotherapy versus pegfilgrastim on day 7 in patients treated with DCF. The incidence of grade 3‐4 neutropenia, FN, and a delay of the second cycle was significantly lower in the early G‐CSF arm compared to the day 7 G‐CSF arm (2.9% vs 20.0%, 1.4% vs 12.9%, 0% vs 12.9%, respectively). Moreover, overall survival tended to be better in the early G‐CSF arm (2‐year OS; 84.7% for the early G‐CSF vs. 77.2% for the day 7 G‐CSF arm).[12](#cas14218-bib-0012){ref-type="ref"}

In the present study, the frequency of grade 4 neutropenia was 8.7% (80% CI: 2.3%‐21.5%), which was significantly lower than the prespecified threshold of 55%, and was also much lower than the reported frequencies (63%‐82%) for DCF therapy for esophageal cancer without prophylactic dosage of pegfilgrastim.[15](#cas14218-bib-0015){ref-type="ref"}, [16](#cas14218-bib-0016){ref-type="ref"} The frequency of grade 3 or higher neutropenia was 26.1%, which was lower than the previous reports (67%‐83%).[8](#cas14218-bib-0008){ref-type="ref"}, [9](#cas14218-bib-0009){ref-type="ref"} In terms of FN, it is reported that the incidence usually reached 22.9% in DCF therapy without preventive measures such as prophylactic use of antibiotics.[9](#cas14218-bib-0009){ref-type="ref"} Of note, in the present study, no patients developed FN. This result is mainly due to giving prophylactic pegfilgrastim. It may also be related to the prophylactic use of antibiotics in all patients in the current study.

With regard to adverse events, 8.7% of all patients reported pegfilgrastim‐related bone pain or back pain, all of which were mild and immediately resolved. No other adverse events related to pegfilgrastim were observed among study participants. Therefore, there was no evidence suggesting that giving early pegfilgrastim enhanced DCF therapy‐related toxicities.

Although clinical efficacy was not a primary endpoint in our study, of the 19 patients who received two cycles of DCF therapy, tumor‐size reduction at the primary and/or metastatic sites was observed in 16 (84.2%) patients, with only one patient showing an increase in tumor size (data not shown). Although only five patients could be evaluated using the RECIST criteria, the overall response rate in these patients was 80%. Of the 19 patients who received surgery, two (10.5%) achieved histopathological CR (grade 3). The pathological response (grade 2 or higher) reached 47.3%, which was comparable with that in previous studies.[8](#cas14218-bib-0008){ref-type="ref"}, [13](#cas14218-bib-0013){ref-type="ref"} Dose‐dense chemotherapy with prophylactic pegfilgrastim was expected to improve the pathological response. However, the results of this study were not in accordance with this hypothesis possibly due to the small sample size. When applying the DCF regimen as neoadjuvant chemotherapy, both a high response rate and a low disease progression rate is important to avoid the inability to operate. In this study, there were two patients (8.6%) with no response after one cycle of DCF therapy which was higher than that in a previous study by Hara et al (2.3%).[8](#cas14218-bib-0008){ref-type="ref"} As the study by Hara et al was conducted to investigate the feasibility of the DCF regimen as neoadjuvant chemotherapy in patients with clinical stage II/III esophageal cancer, cT4 cases were not included in the study. In contrast, as our study included patients who received the DCF regimen as palliative chemotherapy and included 21.7% cT4 cases, there were more advanced cases in our study than in the study by Hara et al Moreover, differences in the background of patients between these studies may influence the outcome. However, it should be taken into account that giving pegfilgrastim may have attenuated the antitumor effects of DCF therapy.

The small number of patients and a short follow‐up period (42 days) are major limitations of our study. In addition, we used pegfilgrastim at a dose of 3.6 mg, which is approved by the Japanese healthcare system. However, pegfilgrastim is usually given at a dose of 6.0 mg in other countries. Therefore, it is not clear whether the study results are applicable to the 6.0‐mg pegfilgrastim treatment protocol. In this study, prophylactic antibiotics were given in all cases, and this could have potentially confounded the effect of pegfilgrastim on FN development. Recently, giving broad‐spectrum antibiotics has been reported to impair the anticancer effects of chemotherapy.[21](#cas14218-bib-0021){ref-type="ref"}, [22](#cas14218-bib-0022){ref-type="ref"} Moreover, primary antibioprophylaxis therapy for chemotherapy‐induced FN is not recommended by the European Organization for Research and Treatment of Cancer (EORTC).[23](#cas14218-bib-0023){ref-type="ref"} Therefore, it is necessary to examine the effect of pegfilgrastim without antibiotics.

In conclusion, the present study is the first prospective clinical trial showing that giving early pegfilgrastim as primary prophylaxis in DCF therapy is effective and safe in reducing the risk of severe neutropenia and FN. Our observations should be further confirmed by comparative trials with sufficient sample size and a longer follow‐up period. In the future, the impact on efficacy should be carefully evaluated in large‐scale studies.
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